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SUMMARY 

by 
K . I .  Gringauz and 
E. K .  Solomatina 

Comparison i s  made of the r e s u l t s  of observat ions of 
so la r  wind f luxes  n e a r  Ear th ,  obtained from "Venera-2" i n  
1965, and "Venera-4" i n  1967. Conclusion i s  der ived about 
t h e  i n c r e a s e  of s o l a r  wind f luxes w i t h  t h e  r i se  of solar 
a c t i v i t y  . 

* 
* * 

Beginning from t h e  middle of t h e  1 9 t h  century ,  when Schwabe 
and Wolf e s t a b l i s h e d  fo r  t h e  f i rs t  t i m e  t h e  l l - y e a r  c y c l i c a l -  
even t s  i n  t h e  v a r i a t i o n  of  t he  number of sunspots ,  mu l t ip l e  oc- 
curences of s i m i l a r  l l - y e a r  cycle of events  w e r e  revealed f o r  a 
series of o t h e r  he l iophys ica l  and geophysical characterist ics.  
The l l - y e a r  cyc le  i s  manifest  i n  p a r t i c u l a r  i n  t h e  course 
of t h e  curves f o r  the  values  of Sun's shortwave r a d i a t i o n  f luxes  
of i n d i c e s  of geomagnetic dis turbances and of  c r i t i ca l  frequen- 
cies of E a r t h ' s  ionosphere [1,21. The ideas  t h a t  geomagnetic 
d i s turbances  a r e  caused by t h e  a c t i o n  on t h e  E a r t h ' s  magnetic 
f i e l d  by charged-par t ic le  f luxes coming f r o m  t h e  Sun, have been 
long i n  ex is tence .  However, t h e  mechanism of t h i s  a c t i o n  i s  n o t  
y e t  clear, for it i s  n o t  known e x a c t l y  which p a r t i c u l a r  v a r i a t i o n s  
of so la r  plasma f luxes ,  namely t h e  va lues  of magnetized plasma 
f l u x ,  i t s  v e l o c i t y ,  magnitude and d i r e c t i o n  of magnetic f i e l d ,  e tc ,  
cause these d is turbances .  That is why the presence of t h e  l l - y e a r  
cyc le  of geomagnetic dis turbances g ives  reason t o  assume t h a t  such 
a cyc le  of events  i s  t o  be found i n  t h e  v a r i a t i o n s  of some charac- 
teristics of solar plasma f luxes ,  bu t  does no t  a l l o w  t o  assert it 
i n  regard  t o  any s p e c i f i c  physical  c h a r a c t e r i s t i c  of t h e s e  f luxes .  
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In  t he  p r e s e n t  paper t h e  r e s u l t s  of 
measurements of i o n  f l u x  va lues  of s o l a r  
plasma, c a r r i e d  ou t  i n  the i n t e r p l a n e t a r y  
space,  during t h e  f l i g h t s  of "Venera-2" 
(launched i n  Nov. 19651, and "Venera-4" 
(launched i n  June 1 9 6 7 ,  provide t h e  basis 
t o  assume, t h a t  w i t h  t h e  rise of s o l a r  
a c t i v i t y  l e v e l ,  t h e  value of s o l a r  plasma 
f luxes  ( s o l a r  wind) inc reases .  

The measurements w e r e  c a r r i e d  ou t  by 

1 Sun 
V 

F i g .  I 
means of charged-par t ic le  t r a p s ,  w i t h  

f i x e d  p o t e n t i a l s  i n  e l ec t rodes ,  d i f f e r i n g  only i n  d e t a i l s  from 
the t r a p s  appl ied  on t h e  f i r s t  l u n a r  rocke ts  [ 3 ] .  

The c i r c u i t  of charged p a r t i c l e s  i on  t r a p s  appl ied  on 
"Venera-4",  i s  presented  i n  [ 4 1 .  The t r a p s  i n s t a l l e d  on "Venera- 
2 "  d i f f e r  from those described i n  [ 4 ]  i n  t h a t  t h e  d.c. vol tage of 
50 v. w a s  f ed  t o  t h e  second g r i d ,  and n o t  t h e  pu l se  t ens ion  of 
50 v. 

P o s i t i v e  ions  of p r a c t i c a l l y  all energ ies  c h a r a c t e r i s t i c  of 
s o l a r  wind, could h i t  t h e  c o l l e c t o r s  of such t r a p s ;  a s  t o  s o l a r  
wind e l e c t r o n s ,  t r a p s  are closed by t h e  p o t e n t i a l  of  an ant iphoto-  
e l e c t r i c a l  g r i d .  

The p o s i t i o n  of t r a p s  on t h e  mentioned devices  r e l a t i v e  t o  
the d i r e c t i o n  a t  t h e  Sun i s  brought f o r t h  i n  F ig .1  (V2  a r e  t h e  
t r a p s  i n s t a l l e d  on "Venera-2", V, are those of "Venera-4"). 
During t h e  f l i g h t s ,  o r i e n t a t i o n  of s p a c e c r a f t  r e l a t i v e  t o  t h e  
Sun w a s  sus t a ined  w i t h  high precison. 

As i s  w e l l  known (see [ 3 1 ) ,  a c o l l e c t o r - c u r r e n t  component 
which i s  induced by photoelectrons emi t ted  by the  an t iphotoe lec-  
t r i c  g r i d ,  emerges i n  s i m i l a r  s u n l i t  charged-par t ic le  t r a p s .  

I n  cases  when t h e  cur ren t  induced by t h e  p o s i t i v e  ions  of 
s o l a r  wind, h i t t i n g  t h e  c o l l e c t o r ,  i s  less than t h e  sa id  component, 
t h e  c o l l e c t o r - c u r r e n t  Ik could become negat ive.  

As was shown by labora tory  i n v e s t i g a t i o n s  t h e  photocurrent  
d i f f e r e n c e  l i nked  w i t h  various t r a p  o r i e n t a t i o n s  can be ignored 
i n  both cases. 

The Ik measurements were conducted once every f o u r  hours ,  
w e r e  registered i n  a memory device, and then t r ansmi t t ed  t o  E a r t h  
during t h e  radiocommunication se s s ion .  

Numerous lengh t y  measurements conducted i n  i n t e r p l a n e t a r y  
space ( s t a r t i n g  from t h e  experiments on s p a c e c r a f t  "Mariner-2" , 
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conducted i n  1 9 6 2  I 5 1 1  showed t h a t  solar wind v e l o c i t y ,  possesses  
a d i s t i n c t  27-day cyc le  of events.  T h i s  doubt less  i n d i c a t e s  t h a t  
t h e  i n t e r p l a n e t a r y  plasma ( s o l a r  wind) r o t a t e s  t oge the r  with t h e  
Sun and t h a t  var ious regions of s o l a r  corona, e m i t  plasma i n  d i f -  
f e r e n t  manners. 

Hence follows t h a t  i n  order  t o  eva lua te  t h e  v a r i a t i o n s  of 
t h e  mean ion  f l u x  e m i t t e d  by t h e  Sun a t  d i f f e r e n t  per iods  of s o l a r  
a c t i v i t y  cyc le ,  t h e  t i m e  i n t e r v a l s  t o  be taken should be e i t h e r  
equa l  t o  o r  mul t ip l e  of the 27-days per iod with t h e  condi t ion 
t h a t  t he  emission of m o r e  a c t ive  as w e l l  a s  less a c t i v e  s o l a r  
regions be accounted f o r  a t  t h e  same t i m e .  

The values  of  c o l l e c t o r  c u r r e n t  sums (see Fig.2) of both 
t r a p s  a r e  r e g i s t e r e d  i n  t h e  course of t h e  f i rs t  2 7  days' f l i g h t  
of "Venera-2" ( l i g h t  circles and r e l a t i v e  t o  t h e  per iod  of 15 N o v .  
t o  11 D e c .  1965, and analogous d a t a ,  relative t o  "Venera-4" (dark 
circles) obtained during t h e  per iod  of 1 2  June to 8 J u l y ,  1967.  

A t  the end of each of t h e s e  t i m e  i n t e r v a l s ,  t h e  d r i f t i n g  
of s p a c e c r a f t s  away f r o m  t h e  E a r t h ' s  o r b i t  d id  n o t  exceed 1 0  m d l b n  
km . 

As can be seen from Fig.2,  i n  most ca ses ,  t h e  r e g i s t e r e d  
c u r r e n t  values  from "Venera-4", exceed t h e  c u r r e n t  values  obtained 
from "Venera-2". Averaging of c u r r e n t  va lues  r e g i s t e r e d  on both 
s p a c e c r a f t s  during t h e  27-day per iod ,  showed t h a t  the c o l l e c t o r -  
c u r r e n t ' s  mean value according t o  "Venera-4" data,  exceeds t h e  
corresponding value of "Venera-2" d a t a  by a f a c t o r  of 6.  

both s p a c e c r a f t s '  trap-axes (see Fig.1) t h e  i n d i c a t e d  excess  
should be decreased t o  5 t i m e s .  

Taking i n t o  account t he  d i f f e r e n t  i n c l i n a t i o n  t o  t h e  Sun,on 

T h e  v a r i a t i o n  of ion  f luxes inducing p o s i t i v e  c o l l e c t o r -  
c u r r e n t s ,  could indeed s u b s t a n t i a l l y  depar t  from t h e  ind ica t ed  
value.  

T h i s  i s  l i nked  w i t h  t h e  f a c t ,  t h a t  a t  computation of t h e  
mean c u r r e n t  va lues ,  t h e  negat ive components of c o l l e c t o r - c u r r e n t s  
induced by photoe lec t rons ,  as i n d i c a t e d  above, and diminishing 
t h e  r e g i s t e r e d  c u r r e n t s  by comparison w i t h  those induced by ion  
f l u x e s ,  w e r e  n o t  excluded. For  example, if t h e  mean va lue ,  on 
"Venera-2", of t h e  ion  component of c o l l e c t o r  c u r r e n t  approached in 
magnitude the negat ive  photoelectron component i n  case of "Venera-4", 
t hen ,  t h e  apparent  excess of the ion  f l u x  of s o l a r  wind, would 
excess ive ly  increase .  I f  a t  computation of f luxes  w e  took the 
measured collector c u r r e n t  values ,  then ,  t h e  mean value of ion  
f l u x e s ,  according t o  "Venera-2" d a t a  f o r  t h e  i n d i c a t e d  per iod ,  
could be es t imated  a t  % 2-10' cm'2* . sec -1 ,  and on "Venera-4", a t  - l o e  cm-2-sec- . The rmximui vaiiie of tne ion  solar  wind f l u x  
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w a s  registered on June 25 ,  1 9 6 7 ,  during a geomagnetic s t o r m  
(KP = 5 - 6 )  and w a s  equal t o  1 . 3 - 1 0 '  c m  

A s  follows f r o m  t h e  above mentioned s t a t e m e n t ,  a l l  t h e  
ind ica t ed  values N i  are somewhat underrated. 

- 2  1 e s e c -  . 

However, despi te  t h e  i n d i c a t e d  d i f f i c u l t y  of quan t i t a t ive  
estimates, t h e  r e s u l t s  of measurements brought up i n  F i g . 2 ,  
show t h a t ,  as compared w i t h  Nov . -Dec .  1965 t h e  effect  of increase 
of the m e a n  so la r  wind i o n  f l u x  dur ing  Sun's  revolution around 
i t s  ax is  i n  June-July 1 9 6 7 ,  leaves no doubt. 

T h e  electromagnetic r ad ia t ion  of t h e  Sun increased substan- 
t i a l l y  f o r  t h e  period D e c .  1 9 6 5 - J u l y  1 9 6 7 ,  i n  t h e  course of 
w h i c h ,  the leve l  of s o l a r  ac t iv i ty  has considerably increased. 
Thus, the solar  radioemission f l u x  i n  1 0 . 7  c m  w a v e l e n g h t  increased 
from 8 1 - 1 0 - 2 2  t o  1 4 3 0 1 0 - ~ ~  w/m2 as an average, i . e . ,  by about  a 
factor of 2 [6 ,71 .  

The above measurement data by m e a n s  of charged par t ic le  
t raps  on spacecrafts " V e n e r a - 2 "  and " V e n e r a  4 "  are evidence t h a t  
as the  level of so la r  ac t iv i ty  increases, t h e  f luxes  of not  only 
electromagnetic b u t  of the s o l a r  corpuscular radiat ion increase 
also. 

* * * THE END * * * 
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